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OPTICAL PICKUP APPARATUS RESTRICTING ABERRATION AND 
OPTICAL DISC APPARATUS USING THE SAME 



BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention relates to an optical 
pickup apparatus used for recording and reproducing on 
an optical disc, an optical pickup apparatus using 
light sources having different wavelengths for the 
purpose of corresponding to recording mediums having 
different recording densities and an optical disc 
apparatus using the optical pickup apparatus. 
(Description of the Related Art) 

An optical recording medium has become 
rapidly popular because advantages that a recording 
capacity thereof is great and a treatment is easily 
executed are recognized. Further, in order to increase 
a recording capacity, various kinds of recording 
mediums have been proposed. On the other hands, a 
demand of a disc apparatus capable of corresponding to 
these kinds of recording mediums has been increased. 
In response to the demand mentioned above, an optical 
pickup disclosed in JP-A-10-154344 has been proposed as 
an optical structure using light sources having two 
kinds of different wavelengths. 

Long and short of it is that two kinds of 
light sources having the different wavelengths are 
prepared, an objective lens corresponding to an optical 



performance of a high density recording medium is 
provided, and the same objective lens is commonly used 
for a low density recording medium by forward shifting 
a position of a light source having a long wavelength 
so as to set an incident light flux to the objective 
lens to a fine divergent light. 

However, since a medium capable of recording 
as a low density recording medium is going to be 
supplied to a market, there is a limit for recording 
under an optimum condition only by a structure of 
commonly using the objective lens. In particular, 
since the incident light to the objective lens is the 
fine divergent light in the low density recording 
medium, a coma aberration caused by a displacement of 
an optical axis is increased at a time of shifting 
(particularly shifting a tracking of) the objective 
lens, so that a considerable influence is applied to 
recording a signal recorded on the medium (including 
both of the case of simply reproducing and the case of 
reproducing a control signal required for recording) . 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is made 
for the purpose of solving the problem mentioned above, 
and an object of the present invention is to provide an 
optical pickup apparatus which can reproduce a high- 
quality signal from a medium even in a state of 
maintaining a simple optical structure of the optical 



pickup disclosed in the technology mentioned above, and 
an optical disc apparatus using the optical pickup 
apparatus . 

In accordance with the present invention, 
there is provided an optical pickup apparatus 
reproducing a recording information of an optical disc 
or recording the information comprising: 

an optical unit having a light source 
radiating a laser beam and an optical detector 
detecting a reflected light from the optical disc; 

a collimator lens converting the radiated 
light of the light source into a fine divergent pencil 
of rays; and 

an objective lens, 

wherein the collimator lens forms a wavefront 
shape forming a fine divergent light and a wavefront 
shape correcting a coma aberration, and the wavefront 
shape correcting the coma aberration is formed in a 
wavefront shape correcting more coma aberration in 
correspondence to an increase of radius of the 
collimator lens. 

In accordance with the present invention, it 
is possible to restrict a generation of the coma 
aberration even when the objective lens is shifted, so 
that a jitter generated together with the lens shift is 
not increased, and a tracking error (TE) signal can be 
maintained with a high quality. As a result, an 
accuracy of recording position is improved, a loss of 



an optical power is restricted at a time of recording, 
and an excellent optical pickup apparatus can be 
obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a whole of an 
optical pickup module using an optical pickup apparatus 
in accordance with an embodiment of the present 
invention; 

Fig. 2 is an enlarged view of a whole of a 
carriage in Fig. 1; 

Fig. 3 is a cross sectional view along a line 
of an optical axis of a laser beam A in Fig. 2; 

Fig. 4 is a view describing an influence of a 
tracking shift of an objective lens; 

Fig. 5 is a view describing a generation of a 
coma aberration and an effect of improvement; 

Fig. 6 is a view describing an aberration in 
the case of using a collimator lens in accordance with 
the present invention in an optical system having a 
long wavelength; 

Fig. 7 is a view showing another structure in 
the optical pickup apparatus in accordance with the 
present invention; and 

Fig. 8 is a view describing an optical 
structure having a long wavelength in accordance with 
the present embodiment. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will be given below of 
embodiments in accordance with the present invention 
with reference to the accompanying drawings. In this 
case, in order to simplify the description so as to 
easily, understand, a description will be given of the 
case that DVD and CD are respectively employed as an 
example of a high density recording medium and an 
example of a low density recording medium. A thickness 
of the DVD is 1.2 mm, and a thickness from a lower 
surface (a front surface) to a recording layer thereof 
is 0.6 mm. On the other hand, in the CD, a thickness 
of the medium and a thickness from a lower surface (a 
front surface) to a recording layer are both 1.2 mm. 
(Embodiment 1) 

At first, a description will be given of an 
optical pickup apparatus. Fig. 1 is a plan view of a 
whole of an optical pickup module using an optical 
pickup apparatus in accordance with the present 
invention. Fig. 2 is an enlarged view of a whole of a 
carriage in Fig. 1, and Fig. 3 is a cross sectional 
view along a line of an optical axis of a laser beam A 
in Fig. 2. In Figs. 1 to 3, reference numeral 1 
denotes an optical disc. The optical disc can employ a 
high density optical disc (DVD) in which a thickness 
from a lower surface (a front surface) to a recording 
surface is about 0.6 mm, and a low density optical disc 
(CD) in which a thickness to a recording surface is 



about 1.2 mm. Reference numeral 2 denotes a motor 
portion. The motor portion 2 includes a turn table 
mounting the optical disc 1 thereon and a cramp 
mechanism for cramping the optical disc 1, and rotates 
the optical disc 1. Reference numeral 3 denotes an 
optical pickup. The optical pickup gives a generic 
name to an optical system for optically reading 
(reproducing) a recorded information of the optical 
disc 1 or recording it on the optical disc 1, and an 
actuator 26 for making an objective lens mentioned 
below follow to the optical disc 1. 

Next, reference numeral 4 denotes a feed 
motor. A motor gear 5 is mounted to an output shaft of 
the feed motor 4. Further, a train gear 6 engaging 
with the motor gear 5 so as to reduce a rotational 
speed of the feed motor 4, and a shaft gear 7 engaged 
with the train gear 6 are engaged therewith. A spiral 
groove is formed on an outer periphery of a screw shaft 
8 to which the shaft gear 7 is fixed. A rack 9 is 
engaged with the spiral groove of the screw shaft 8. 
The rack 9 is elastically mounted to a carriage 10 via 
a spring property. 

Further, a support shaft 12 and a guide shaft 
13 which are arranged on a module base 11 are inserted 
to the carriage 10, and the carriage 10 can move in a 
radial direction of the optical disc 1. In this state, 
the structure is made such that the rack 9 moves along 
a groove formed on the screw shaft 8 by rotating the 



feed motor 4 in a forward rotating direction or a 
backward rotating direction, whereby the optical pickup 
3 can move in a radial direction of the optical disc 1. 

Next, a description will be given of- an 
optical system. The optical system is constituted by 
light sources having two kinds of different wavelengths 
and an optical lens system. At first, a light source 
having a first wavelength is an optical unit 14 
emitting a laser beam A having a wavelength 635 to 670 
nm (a short wavelength) and integrally forms an optical 
detector constituted by a semiconductor laser and a 
light receiving element. Further, a light source 
having a second wavelength is an optical unit 15 
emitting a laser beam B having a wavelength 780 nm (a 
long wavelength) and integrally forms an optical 
detector constituted by a semiconductor laser, a 
diffraction grating generating three beams from the 
laser beam B, a diffraction grating introducing a 
reflected beam from the optical disc 1 to the optical 
detector and a light receiving device. 

Further, a volume 16 for adjusting an amount 
of laser emitting beam of the semiconductor laser 
within each of the optical units 14 and 15 is provided 
in each of the optical units 14 and 15. Further, a 
superposed circuit 17 for applying a superposition to 
an optical power of the semiconductor laser within the 
optical unit 14 in the short wavelength side and a 
shield case 18 covering all the area of the superposed 



circuit 17 and shielding an unnecessary radiation are 
arranged in the optical unit 14. The optical unit 15 
mounts a high power laser capable of recording and 
reproducing. Reference numeral 19 denotes a laser 
driver, in which a superposed circuit for adjusting the 
amount of emitting light of the optical unit 15 and 
applying a superposition to the optical power is made 
IC. 

Next, a description will be given of the 
optical lens system. Reference numeral 20 denotes a 
beam splitter serving as a light separating means, in 
which a film transmitting the laser beam A having the 
wavelength 635 to 670 nm and reflecting the laser beam 
B having the wavelength 780 nm is formed. Reference 
numeral 21 denotes a collimator lens A, which is formed 
so as to convert a diffuse light into a substantially 
parallel beam to the laser beam A. Reference numeral 
22 denotes a collimator lens B, which is formed so as 
to reduce an angle of diffusion of the diffuse light 
with respect to the laser beam B. 

Further, the light sources of the respective 
optical units 14 and 15 are arranged so as to achieve 
the following relation to each other. A position of 
arrangement of the optical unit 14 is set to a position 
at which the laser beam A having the wavelength 635 to 
670 nm becomes a substantially parallel beam after 
passing through the collimator lens 21. A distance of 
an optical path in the air of the optical unit 14 from 



the laser light source to the collimator lens A21 at 
this time is set to LI, and a focal distance of the 
collimator lens A21 is set to Fl . On the other hand, a 
position of arrangement of the optical unit 15 is set 
to a position at which an angle of diffusion of the 
diffuse light is reduced after the laser beam B having 
the wavelength 780 nm passes through the collimator 
lens B22. That is, the laser beam B is converted into 
a fine divergent light flux after passing through the 
collimator lens B22. 

An optical distance in the air of the optical 
unit 15 from the laser light source to the collimator 
lens B21 at this time is set to L2 and a focal distance 
of the collimator lens B21 is set to F2 . The optical 
units 14 and 15 at this time are respectively arranged 
at positions where the respective light sources have a 
relation 0.55 ^ (L2/F2) / (Ll/Fl) ^ 0.75. In accordance 
with the manner mentioned above, it is possible to 
align the light sources having the different 
wavelengths with the different medium thickness (a 
difference of medium thickness is 0.6 mm) by using a 
common objective lens 25. 

Reference numeral 23 denotes a polarizing 
hologram, which has a function of diffraction only by 
any of P and S waves, gives no effect to the laser beam 
A emitting from the optical unit 14 toward the optical 
disc 1, gives an effect to the laser beam A reflecting 
on the recording layer of the optical disc 1 so as to 



return, and introduces the laser beam A to the optical 
detector within the optical unit 14. Reference numeral 
24 denotes a start-up mirror, which changes directions 
of optical axes of the laser beams A and B so as 
to change the optical axis from the optical axis 
substantially parallel to the optical disc 1 to the 
optical axis substantially vertical to the optical disc 
1 toward the objective lens 25. Reference numeral 45 
denotes a reflection mirror 45, which reflects the 
laser beam A so as to change the optical axis to the 
optical axis substantially vertical to the collimator 
lens A21. 

The objective lens 25 collects the respective 
laser beams A and B mentioned above on the recording 
surface of the optical disc 1. In particular, a 
numerical aperture (NA) is set to 0.6 so that the laser 
beam A having the wavelength 635 to 670 nm is collected 
on the high density optical disc as a beam spot having 
a diameter of about 1 jzm. Reference numeral 26 denotes 
an actuator, which is supported so as to freely move 
the objective lens 25 in a following manner in a 
focusing direction and a tracking direction with 
respect to the optical disc 1. Reference numeral 27 
denotes an aperture filter, which has a function that a 
transmission diameter of the laser beam changes in 
correspondence to the wavelength so that NA corresponds 
to 0.6 in the laser beam A and NA corresponds to 0.5 in 
the laser beam B. The aperture filter 27 is mounted on 



the actuator 26 and is arranged so as to freely move 
integrally together with the objective lens 25. 

These two optical units 14 and 15 (that is, 
the laser, beam A and the laser beam B) are switched in 
correspondence to the kind of the recording and 
reproducing optical disc 1. The optical unit 14 is 
used for the high density optical disc in which a 
thickness to the recording surface is about 0.6 mm. 
The optical unit 15 is used. for the low density optical 
disc in which a thickness to the recording surface is 
about 1.2 mm. 

Next, a description will be given of the 
actuator 26. The objective lens 25 is fixed to an 
objective lens holder 28 by a means such as an adhesion 
or the like. The objective lens holder 28 is supported 
by four wires 29, and another end of each of the wires 
29 is fixed and supported to a suspension holder 30. 
In accordance with the present embodiment, the ob- 
jective lens holder 28, the wires 29 and the suspension 
holder 30 are integrally formed. 

The objective lens holder 28 has a frame type 
structure having a circular space portion and a 
substantially rectangular opening portion, and the 
objective lens 25 mentioned above is fixed to the 
circular space portion by an adhesive agent of the 
like. On the other hand, a focus coil 31 for driving 
the objective lens 25 in a focusing direction and a 
tracking coil 32 for driving it in a tracking direction 
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are fixed to respective predetermined positions of the 
substantially rectangular opening portion by an 
adhesive agent or the like. 

In four wires 29, the focus coil 31 and the 
tracking coil 32 are connected and fixed to end 
portions in a side of the objective lens holder 28 by a 
means such as a soldering or the like, and it is 
possible to apply an electric current to the focus coil 
31 and the tracking coil 32 via the wires 29. Further, 
another end portion in a side of the suspension holder 
30 of each of the wires 29 is connected and fixed to a 
flexible printed circuit 33 mounted to a side surface 
(a surface in a vertical direction to a paper surface 
in Fig. 2) of the suspension holder 30 by a means such 
as a soldering or the like, and it is possible to apply 
an electric current to the wires 29 from the flexible 
printed circuit 33. It is possible to absorb a 
vibration of the wires 29 by injecting a damper member 
such as a silicon type gel or the like for damping a 
vibration between the suspension holder 30 and the 
wires 29. 

Further, a description of the optical system 
will be added. At first, the DVD optical system is 
structured such that the recording medium has a high 
density and a medium information to be detected (a 
recording pit on the disc) is small and fine. Ac- 
cordingly, with respect to the laser beam A, the beam 
is focused to a significantly small spot by utilizing a 
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center portion of a far-field pattern (FFP), thereby 
detecting the information. Accordingly, the collimator 
lens A21 is set to have a long focal distance, and the 
objective lens 25 is designed to be optimum for 
5 focusing the laser beam A having the short wavelength 
to a significantly small spot. In other words, the 
objective lens 25 functions so as to form a smaller 
spot than the laser beam B having the long wavelength 
with respect to the laser beam A having the short 
10 wavelength. 

On the other hand, in the CD optical system, 
•|p in order to effectively utilize the optical power 

m necessary for recording, it is made prior to irradiate 

j|T all of the beam flux of the laser beam B as much as 

15 possible onto the recording medium. Further, the 
recording medium has a low density and the medium 
information to be detected (a recording pit of the 
disc) is larger than the DVD optical system. 
Accordingly, a diameter of the optical spot in the CD 
20 optical system is focused to about 1.5 p. Ac- 
cordingly, the objective lens 25 commonly uses, and the 
collimator lens B22 as the short focal distance. 

Next, a description will be given of the CD 
optical system and the collimator lens B22. Fig. 4 is 
25 a view describing an influence of a tracking shift of 
the objective lens 25. In this case, the respective 
constituting elements are the same as those described 
in Fig. 1. In Fig. 4, Fig. 4A shows a state that the 



optical axes coincide and Fig. 4B shows the influence 
of the objective lens shift (the tracking shift) in a 
figurative manner. 

Fig. 4A shows an ideal optical . system 
maintaining an optical condition on design as mentioned 
above. Fig. 4B shows a structure in which the center 
of the objective lens 25 is applied to a lens shift (a 
tracking shift) . In an actual use of the optical disc 
apparatus, an amount of the lens shift reaches a value 
on an actual use about ± 0.5 mm in some cases. At this 
time, since the laser beam B entering into the ob- 
jective lens 25 is the fine divergent light flux as 
mentioned above, a coma aberration extremely increases 
in correspondence to the increase of the amount of the 
lens shift. 

A description will be further given of the 
coma aberration. Fig. 5 is a view describing a 
generation of the coma aberration and an effect of 
improvement. Fig. 5A is a view showing the coma 
aberration of the optical disc 1 and a spherical 
aberration at a time of executing the lens shift by 
using the conventional collimator lens B22 (refer to 
Fig. 4B) for the purpose of comparison. There is shown 
a state that the coma aberration increased substantial- 
ly in proportion to the amount of lens shift, in 
correspondence to an increase of an amount of lens 
shift (x) . With respect to the spherical aberration, a 
substantially constant aberration is generated without 



relation to the amount of lens shift. 

Accordingly, the collimator lens B22 forms a 
wavefront correcting the coma aberration in corre- 
spondence to a diameter (a radius r) of the collimator 
lens B22, for the purpose of correcting the coma 
aberration generated due to the lens shift of the 
objective lens 25. Fig. 5B is a view describing a 
ratio of sine amount and a ratio of radius of 
curvature . 

In this case, a light emitting point of the 
laser beam B is set to PB, and an optical member 
including PBS 38 of the optical unit 15 is totally 
called as a cover glass. An angle of diffusion of the 
laser beam B radiating after transmitting through the 
cover glass from the light emitting point of the laser 
beam B is set to 0 1 with respect to the optical axis, 
and a sine amount thereof is set to SIN 0 1. Further, 
an angle of diffusion of the laser beam B emitting from 
the collimator lens B22 is set to 0 2 with respect to 
the optical axis, and as sine amount thereof is set to 
SIN 0 2. With respect to the collimator lens B22, a 
radius of curvature of a surface in the side of the 
light source (a surface opposing to the optical unit 
15, that is, an incident surface) is set to Rl, and a 
radius of curvature of a surface in the side of the 
objective lens 25 (that is, an emitting surface) is set 
of R2. Then, it is assumed that a ratio SIN 0 2/SIN 0 1 
is called as a ratio of sine amount, and a ratio R2/R1 



is called as a ratio of radius of curvature. 

Fig. 5C is a view describing the ratio of 
sine amount with respect to the laser beam B and the 
collimator lens B22. A horizontal axis is a radius r 
of the collimator lens B22 mentioned above. It 
expresses a position of the radius of the collimator 
lens and corresponds to a distance apart from the 
center of the lens to the periphery- A vertical axis 
is the ratio of the sine amount SIN 6 2/SIN 6 1 
mentioned above. In particular, the collimator lens 
B22 is formed so that the ratio of the sine amount SIN 
0 2/SIN 6 1 gradually increases in correspondence to the 
position of the increased position of the radius (r) of 
the collimator lens B22 through which the emitting 
light from the second light source (a light emitting 
point PB) passes, and an increased amount is sub- 
stantially in proportion to a square of the radius of 
the collimator lens B22. Accordingly, the laser beam B 
forms the fine divergent light which is the same as the 
conventional one in the center portion of the 
collimator lens B22, and forms the fine divergent light 
having the wavefront strongly reverse compensating the 
coma aberration expressed by the ratio of the sine 
amount mentioned above as shifting to the peripheral 
portion of the collimator lens B22. 

For the purpose of comparison, the 
conventional embodiment is shown by a dot line. 
Generally, in the conventional art, the ratio of the 



sine amount is set to be substantially uniform without 
connection to the radius. On the contrary, in 
accordance with the present invention, the ratio of the 
sine amount SIN 9 2/SIN 0 1 gradually increases in 
correspondence to the increase of the radius, and an 
increased amount is in proportion to a substantially 
square of the radius. In other words, the ratio of the 
sine amount of the collimator lens used for the long 
wavelength is expressed by the following formula. 

SIN 0 2/SIN 0 1 = a + kl*r 2 

Here, a and kl are fixed values 
(proportionality factors) selected on the basis of a 
performance (a characteristic) required in the 
collimator lens. 

Next, a description will be given of a 
condition of the collimator lens for the purpose that 
the ratio of the sine amount mentioned above most 
effectively functions. Fig. 6 is a view describing an 
aberration in the case of using the collimator lens in 
accordance with the present invention for the optical 
system of the long wavelength. Fig. 6A is a view 
showing a relation between the ratio of the radius of 
curvature mentioned above and a spherical aberration. 
A horizontal axis indicates the ratio of the radius of 
curvature R2/R1 mentioned above. A vertical axis 
indicates the spherical aberration on the optical axis. 



Since it is on the optical axis, the lens shift in Fig. 
5A is 0. Accordingly, the spherical aberration 
appears . 

In Fig. 6A, the spherical aberration changes 
in a substantially V shape in correspondence to the 
ratio of the radius of curvature. When setting an 
actual limit of the spherical aberration to 40 RMS ml, 
an actual range of the ratio of the radius of curvature 
is between 0.5 and 0.8. Further, a minimum point (that 
is, an optimum condition) thereof shows a spherical 
aberration 20 RMD m/l in the ratio of the radius of 
curvature 0.65. In the manner mentioned above, by 
reducing the coma aberration generated due to the 
objective lens shift and setting the generation amount 
of the spherical aberration generated as a side effect 
thereby to a range of the ratio of the radius of 
curvature R2/R1 of the collimator lens surface between 
0.5 and 0.8, it is possible to make the generation 
amount within a range where no problem is actually 
generated. 

Fig. 6B is a view showing a coma aberration 
and a spherical aberration of a long wavelength optical 
system (a CD optical system) at a time of shifting the 
lens by using the collimator lens B22 in accordance 
with the present invention (refer to Fig. 4B) . The 
laser beam B emitted from the optical unit 15 is 
incident to the collimator lens B22, converted into the 
fine divergent pencil of rays and is formed in a 



wavefront reverse compensating the coma aberration in 
correspondence to an expansion toward an outer 
periphery from a center thereof (refer to Figs. 5B and 
5C) . 

When the laser beam B mentioned above is 
incident to the objective lens 25, an amount of the 
spherical aberration becomes a little greater in 
comparison with the conventional collimator lens (refer 
to the spherical aberration in Figs. 5A and 6B) . On 
the other hand, with respect to the coma aberration 
due to the lens shift, since the wavefront of the 
collimator lens B22 against the laser beam B is formed 
in the wavefront reverse compensating the coma 
aberration, the coma aberration of the CD optical 
system is restricted to a size about a quarter in 
comparison with the conventional collimator when being 
incident to the optical disc 1 via the objective lens 
25 (refer to the coma aberration in Figs. 5A and 6B) . 
Since a total of the aberration of the long wavelength 
optical system is given by a sum of the spherical 
aberration and the coma aberration, it is possible to 
restrict to a size of the aberration having no actual 
problem by using the collimator lens B22 in accordance 
with the present invention. 

A description will, be given of an operation 
of the optical pickup apparatus in accordance with the 
present invention structure in the manner mentioned 
above. At first, a description will be given of a case 
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of reproducing a signal from the high density optical 
disc. The laser beams A having the wavelength 635 to 
670 run emitted from the semiconductor laser of the 
optical unit 14 are reflected by the reflection mirror 
5 45 and are thereafter converted into substantially 
parallel beams by the collimator lens A21. Further, 
the laser beams A transmit through each of the 
polarizing hologram 23, the beam splitter 20 and a X /4 
A *z plate 37, and are reflected by the stand-up mirror 24 

• 5™- 

10 so as to change the direction of the laser beam A. 
IS Further, after transmitting through the aperture filter 

27, the beams are incident to the objective lens 25. 
The laser beams A are condensed by the objective lens 
25 so as to be incident to the high density optical 
15 disc 1. Accordingly, the beams form an image on a 
recording surface positioned at about 0.6 mm in a 
thickness direction of the high density optical disc 1. 
The reflected light from the recording surface again 
transmit through the objective lens 25, are diffracted 
20 by the polarizing hologram 23 through a path reverse to 
that described above, and reach the light receiving 
device of the optical unit 14. In the manner mentioned 
above, the recorded information is reproduced by the 
light receiving device of the optical unit 14 . 
25 On the other hand, a description will be 

given of a case of reproducing the low density optical 
disc or recording on the low density optical disc. The 
laser beams B having the wavelength 780 nm emitted from 



.IKS- 

•lei 



the semiconductor laser of the optical unit 15 are 
formed in three beams (a main beam for recording and 
reproducing and two sub beams for controlling are 
totally called) on the way of transmitting through the 
diffraction grating provided within the optical unit 
15. The laser beams B are converted into the fine 
divergent light on the way of transmitting through the 
collimator lens B22 in the manner mentioned above. 
Further, the laser beams B are reflected by the beam 
splitter 20, transmit through the 1/4 plate 37 and are 
again reflected by the stand-up mirror 24 so as to 
change the direction of the laser beams B. Further, 
after transmitting through the aperture filter 27, the 
beams are incident to the objective lens 25. The laser 
beams B are condensed by the objective lens 25 so as to 
be incident to the low density optical disc 1. 
Accordingly, the beams form an image on a recording 
surface positioned at about 1.2 mm in a thickness 
direction of the low density optical disc 1. The 
reflected light from the recording surface again 
transmit through the objective lens 25, are separated 
into return lights by a polarized beam splitter (PBS) 
38 arranged within the optical unit 15 through a path 
reverse to that described above, and reach the light 
receiving device 39 of the optical unit 15. In the 
manner mentioned above, the recorded information is 
reproduced by the light receiving device of the optical 
unit 15 or is recorded by the laser beam B. 
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At this time, since the collimator lens B22 
is formed so as to satisfy the condition of the ratio 
of the sine amount and the ratio of the radius of 
curvature described above, the long wavelength optical 
system shifts the lens in the manner shown in Fig. 4B, 
it is possible to restrict to a level that an amount of 
aberration has actually no problem. Accordingly, a 
jitter caused by the lens shift is not increased, and a 
tracking error (TE) signal is maintained with high 
quality. As a result, an accuracy of recording 
position is improved, an optical power loss is 
restricted at a time of recording, and an excellent 
optical pickup apparatus can be obtained. 
(Embodiment 2) 

Fig. 7 is a view showing another structure in 
the optical pickup apparatus in accordance with the 
present invention. A difference of Fig. 1 from Fig. 2 
in the embodiment 1 exists in a point that the beam 
splitter 20 is arranged between a collimator lens A51 
and the reflection mirror 45, in other words, the 
collimator lens A51 is arranged in a side close to the 
objective lens 25 in comparison with the beam splitter 
20. Accordingly, the laser beams B emitted from the 
optical unit 15 pass through the collimator lens B52, 
are reflected by the beam splitter 20 so as to change a 
forward moving direction, pass through the collimator 
lens A51, and thereafter are introduced to the 
objective lens 25. The laser beams A emitted from the 
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optical unit 14 transmit through the optical devices in 
a different order from that of the embodiment 1. In 
this case, a description will be given of the 
collimator lens A51 and a collimator lens B52 later. 
Since except the different points mentioned above, the 
structures and the functions of the respective optical 
devices are the same as those of the optical pickup 
apparatus described in the embodiment 1, the same 
reference numerals are attached to the same elements 
as those of the embodiment 1 and an overlapping 
description will be omitted. 

Fig. 8 is a view describing a long wavelength 
optical structure in accordance with the present 
invention. In a short wavelength optical system in 
accordance with the present embodiment, in the same 
manner as that of the embodiment 1, the collimator lens 
A51 is set to have a long focal distance, and the 
objective lens 25 is designed in an optimum manner so 
as to focus the laser beam A having the short wave- 
length on an extremely small spot. Since the short 
wavelength optical system is designed in an optimum 
manner as mentioned above, it is the same as that 
described in the embodiment 1 and Fig. 5A in view of 
the point that the coma aberration is generated 
substantially in proportion to the lens shift amount 
when shifting the lens in the long wavelength optical 
system. 

Then, the collimator lens B52 in accordance 



with the embodiment 2 forms the wavefront compensating 
the coma aberration generated at a time of shifting the 
objective lens 25 in the same manner as the embodiment 
1. Fig. 8A is a view describing ratio of sine amount 
of the collimator lens B. In this case, a light 
emitting point of the laser beam B is set to PB, and an 
optical member including PBS 38 of the optical unit 15 
is totally called as a cover glass. An angle of 
diffusion of the laser beam B radiating after trans- 
mitting through the cover glass from the light emitting 
point of the laser beam B is set to 0 1 with respect to 
the optical axis, and a sine amount thereof is set to 
SIN 0 1. 

Further, an angle of diffusion of the laser 
beam B emitting from the collimator lens A51 through 
the collimator lens B52 is set to 0 3 with respect to 
the optical axis, and as sine amount thereof is set to 
SIN 0 3. At this time, since the collimator lens A51 is 
set to the condition of the short wavelength optical 
system in an optimum manner, the collimator lens B52 is 
formed so that a result obtained by the fact that the 
laser beams B transmit through the collimator lens B52 
and the collimator lens A51 satisfies the condition 
mentioned above. Then, a ratio SIN 0 3/SIN 0 1 is 
called as a ratio of sine amount. 

Fig. 8B is a view describing the ratio of 
sine amount. In the same manner as that of Fig. 5C, it 
shows a change of the ratio of the sine amount SIN 0 



3/SIN 0 1 mentioned above caused by the radial position 
of the collimator lens B52 . For reference, the ratio 
of the sine amount in accordance with the conventional 
art is shown by a dotted line. In particular, "the 
collimator lens B52 is formed so that the ratio of the 
sine amount SIN 0 3/SIN 0 1 gradually increases in 
correspondence to the position of the increased 
position of the radius (r) of the collimator lens B52 
through which the emitting light from the second light 
source (a light emitting point PB) passes, and an 
increased amount is substantially in proportion to a 
square of the radius of the collimator lens B52. In 
other words, the ratio of the sine amount of the 
collimator lens used for the long wavelength is 
expressed by the following formula. 



SIN 0 3/SIN 0 1 = j3 + k2-r 2 



Here, j3 and k2 are fixed values (pro- 
portionality factors) selected on the basis of a 
performance (a characteristic) required in the 
collimator lens. 

Fig. 8C is a view showing a coma aberration 
and a spherical aberration of a long wavelength optical 
system (a CD optical system) at a time of shifting the 
lens by using the collimator lens B52 in accordance 
with the present invention (refer to Fig. 4B) . The 
laser beam B emitted from the optical unit 15 is 



incident to the collimator lens A51 via the collimator 
lens B52, converted into the fine divergent pencil of 
rays and is formed in a wavefront reverse compensating 
the coma aberration in correspondence to an expansion 
toward an outer periphery from a center thereof (refer 
to Figs. 8B and 8C) . 

When the laser beam B mentioned above is 
incident to the objective lens 25, an amount of the 
spherical aberration becomes a little greater in 
comparison with the conventional collimator lens (refer 
to the spherical aberration in Figs. 5A and 8C) . On 
the other hand, with respect to the coma aberration 
due to the lens shift, since the wavefront of the 
collimator lens B52 against the laser beam B is formed 
in the wavefront reverse compensating the coma 
aberration, the coma aberration of the CD optical 
system is restricted to a size about a quarter in 
comparison with the conventional collimator when being 
incident to the optical disc 1 via the objective lens 
25 (refer to the coma aberration in Figs. 5A and 8C) . 
Since a total of the aberration of the long wavelength 
optical system is given by a sum of the spherical 
aberration and the coma aberration, it is possible to 
restrict to a value equal to or less than one fourth of 
the conventional one, that is, a size of the aberration 
having no actual problem by using the collimator lens 
B52 in accordance with the present invention. 

In particular, since the collimator lens A51 
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(the long focal distance collimator lens) is arranged 
close to the objective lens 25 in comparison with the 
optical structure described in the embodiment 1 by 
employing the optical structure in accordance with the 
5 present embodiment 2, it is possible to make the 

structure of the whole of the pickup apparatus more 
compact . 

Since the operation of the optical pickup 
apparatus in accordance with the embodiment 2 of the 
10 present invention structured in the manner mentioned 
above is the same as the operation described in the 
embodiment 1, an overlapping description will be 
omitted . 



€3 As mentioned above, in accordance with the 



|jg 15 present invention, the generation of the coma 

ji aberration is restricted even when the objective lens 

is shifted, so that the jitter caused by the lens shift 
is not increased, and the tracking error (TE) signal is 
maintained with high quality- As a result, the re- 
20 cording position accuracy is improved, the optical 

power loss at a time of recording is restricted, and an 
excellent optical pickup apparatus can be obtained. 



